control of the system. Our system is further modified with a low-noise high voltage source (Model 2100 Isolated Pulse Stimulator, A-M Systems), and a custom relay for switching between the low voltages and low noise required for feedback control, and the high voltages needed for material ejection (Fig. S1 ). The system is controlled using custom coded software written in LabVIEW.
Single cell injection protocol:
We accomplished the nanopositioning by using a computer controlled feedback system originally developed as a Scanning Ion Conductance Microscope (SICM). The basic SICM consists of a nanopipette back-filled with an electrolyte solution and immersed in an electrolytic bath 1; 2; 3 . An electrode is placed in the nanopipette and a ground electrode is placed at some distance away in the bath. The current flowing through the nanopipette depends on the tip-substrate separation, and it acts as a feedback signal to precisely control the height of the nanopipette at a predefined distance above a surface. If the nanopipette is then scanned across a surface, a topographical image can be rendered 1; 4 . Cell injection was performed using a double-barrel nanopipette and automated using custom software, controlling the height of the pipette, applied voltage, and voltage duration. (Fig. 1B) and the septum running all the way through the nanopores (Fig S3) .
Nanopipettes were backfilled with 0.1M PBS, .01% Pluronic F-68, and the working molecule, typically a fluorescent dye. Nanopipettes were centrifuged for 10 seconds to ensure that solution silicon elastomer kit). Carboxyfluorescein succinimidyl ester (CFSE) was purchased from AnaSpec Inc. Sulforhodamine 101 (#284912) was purchased from Sigma. PBS solutions at pH 7.4 were prepared using standard methods. Aqueous reagents were prepared using MilliQ water with >18MΩcm −1 resistance.
Fluorescence Microscopy: Cells injected with fluorescent molecules were visualized using an Olympus IX71 inverted microscope with epifluorescence. Images were captured with a
Hamamatsu CCD camera and image analysis was performed with ImageJ and Matlab. Figure S1 . A schematic of the cell injection system. A standard Scanning Ion Conductance Microscope (SICM) is modified with a HV power supply and a custom relay for switching between the low voltages required for feedback control and the high voltages needed for material ejection. The system is controlled using custom-coded software written in LabVIEW. . Fluorescent micrographs of adherent fibroblasts injected with a feedback-controlled system. All ten injected cells show detectable fluorescence (box highlights the nucleus). Entire procedure was completed in less than 5 minutes Figure S5 . Approach curve of a double-barrel nanopipette where normalized ion current is plotted as a function of piezo displacement. One can indentify three separate regions. A steadystate region (approach) in which the ion current is unaffected by nanopipette-cell separations. A feedback region in which ion current is impeded by the proximity of the cell surface and a penetration region , in which the nanopipette crosses the cell membrane. Eventually the current goes to 0 when the nanopipette touches the bottom of the Petri dish where cells are cultured.
